Enthalpies of solution and dilution of aqueous solutions of sodium acetylsalicylic acid salt and ibuprofen salt were measured with an isoperibolic calorimeter at 293.15 K, 298.15 K, 303.15 K, 308.15 K and 318.15 K. The concentration of the electrolyte was restricted to the solubility of the salt at various temperatures and did not exceed 0.035-0.057 mol kg -1 , depending on the temperature studied. The Virial coefficients were derived from Pitzer's model and the excess thermodynamic functions of both the solution and the components of the solution were calculated. An analysis of the thermodynamic characteristics of the solution in terms of concentration and temperature interval was carried out and discussed. Additionally, an analysis was performed by differential scanning calorimetry (DSC).
Introduction
Several investigations have been carried out on the application of thermal analysis for investigating aspirin and ibuprofen in the presence of tablet excipients. The identification of non-prescription internal analgesics has been investigated by means of thermogravimetry and differential thermal analysis (TG and DTA) l . Studies of acetylsalicylic acid 2 , mixtures of acetylsalicylic acid and p-chloroaniline 3 , aspirin 4, 5 and ibuprofen have also been investigated. In the present work, aspirin was studied using TG-DTA, DSC and solution calorimetry to elucidate its thermal decomposition mechanism. Solution (dilution) enthalpy is an important thermodynamic function and may be used effectively for the characterization of different properties of drug molecules [4] [5] [6] . For example, solution enthalpies have been used to describe the crystallinity of amorphous materials in drugs 7 and to analyse various energetic drug-solvent interaction terms 8, 9 . There are some studies devoted to studying the heat effects of the nucleation process in order to obtain information about the stability of pharmaceutical solutions [10] [11] [12] . Moreover, in the literature, a semi-empirical approach proposed by Pitzer 13, 14 and applied by other authors such as Manin´s et al. 15, 16 describes long and short distance interionic interactions of salts in solutions. This approach provides an opportunity to consider the thermochemical data within the framework of the model for both concentration and temperature intervals and to calculate whole sets of excess solution thermodynamic functions based only on thermochemical experiments. In the present study, the sodium salts of acetylsalicylic acid and ibuprofen were chosen as the subjects of investigation ( Figure 1 ) because this compound is a widely-used, non-steroidal anti-inflammatory drug and several of its properties have been discussed in the literature 8, 13, 14, 16 .
Figure 1.
Structural formulae of the sodium salts of acetylsalicylic acid and ibuprofen However, the solvation characteristics of this substance have not yet been studied and this fact is a barrier between analysing the outlined properties on the one side and pharmacodynamic and pharmacokinetic data on the other. This work presents the results of a thermodynamic study on the sodium salts of acetylsalicylic acid and ibuprofen in aqueous solutions under wide concentration and temperature intervals (important for pharmaceutical and medical reasons) and a thermodynamic characterization of this system using Pitzer's approach [13] [14] [15] with the procedure presented by Manin et al. 16 for comparison with our results.
Experimental
Acetylsalicylic acid (aspirin) was obtained from Bayer Germany) and the ibuprofen sodium salt (Na-IB) was a pure-grade product (Sigma-Aldrich, US) and used without further purification. The DSC curves were obtained using a Netzsch 409 C thermoanalyzer system with an air drying flux of 110 mL min -1 , a heating rate of 10 K min -1 and with the sample weighing about 0.10 mg. An aluminium crucible with a perforated cover was used for the DSC.
Isoperibol calorimeter and materials
Reagent grade hydrochloric acid (Merck) and the water used in the dissolution measurements were produced through Milli-Q filtration. This system was used to prepare a stock solution of 0.10047 M HCl. This solution was standardized with tris(hydroxymethyl) aminomethane (THAM) (Merck, Analytic Reagent, 99.999%) and then checked against standard sodium hydroxide solutions; 0.2000 g in each case and a pH meter was used to detect the end points. To compare the results of this work, the samples were prepared as described Na + in the literature, especially taking into account the suggestions of the standards committee of the U.S. Calorimetry conference 17, 18 to determine the solution heat of reaction of THAM(s) with HCl using specific experimental conditions, including: -The reaction temperature should be maintained at 298.15 K.
-The concentration of THAM should be 5 g L -1 . -The concentration of the HCl solution should be 0.100 mole L -1 . -The THAM sample should be stored with no further crushing or grinding in an atmosphere of 50% relative humidity, weighed in air and sealed in a glass ampoule with atmospheric pressure. -A blank determination should be made.
These conditions were followed in this study. The values for the heat of the reaction of THAM(s) with 0.100 M HCl were measured at 298.15 K. The THAM used to measure the heat reaction was prepared following the previous procedure 18 ; a thin layer of this sample was spread across a watch glass and maintained at 298.15 K in a desiccator over a saturated magnesium nitrate solution which provided an atmosphere of about 50% relative humidity.
Operational mode of the isoperibol calorimeter
The THAM samples (approximately 0.1387 g) were weighed in air and sealed with a small membrane of paraffin at atmospheric pressure and coupled to the dual-pneumatic valves system (for the dosing of liquids or solids) of the high-precision calorimeter used in this work. For comparison, some ampoules were carefully sealed in the same shape to simulate the opening of the valve and the system of mixture. Each sample was mixed in a solution of 50 mL HCl, leaving a final solution concentration of 5 g L -1 of THAM and the mixture was computer controlled from outside the developed system.
Solution calorimetry

Device design and operation
The instrument used in this research was a single isothermal micro-calorimeter that uses a specially constructed thermistor system which produces a voltage proportional to the heat flow between the dissolution cell and the surroundings 18 . The calorimeter is laid out in a water bath, where the temperature is maintained at ±6×10 -4 K. The water bath, temperature controller and all of the peripheral units were built in our laboratory and can be seen in Figure 2 . 
The cell consists of a Dewar-type bottle glass (1) that has been vacuum-sealed (10 -8 mBar) and whose volume is 50 mL. The cell possesses a flange containing a channel fitting for an o-ring, thus ensuring a perfect hermetic seal with the top lid that contains the elements which communicate with the peripheries. A coating was specially designed for this machine that allows the reflux of water at 298.15 K. The coating was manufactured using carbon fibre (2), which not only provides insulation but converts the calorimeter into a robust machine. This unit is fitted with a glass lid that is also covered with carbon fibre, affixed by a set of precision screws (3).
This equipment has platinum resistance to convey 30 Ω electric calibrations (4) and the temperature sensor system is based on the thermistor system described below (5). The mixture system consists of two parts: a pneumatic valve, externally controlled by a computer, with a solution kept at a temperature of ±0.0001 K and which allows one of the mixture solvents in question to be injected and the mixing system, which is a counter-clockwise blade made of stainless steel (6) . The electronic system encompasses hardware features such as the data acquisition card based on a microcontroller connected to a PC via RS232 through a serial port 18 . The digitalization of the thermometric signal is performed as described in the 18 , while leaving room to allow a basic system to perform virtual treatments, which is new for this type of experiment. The system could be programmed by the user in order to capture the signals and to apply certain mathematical equations to the signals obtain the required information.
Calculation procedure
All calculations were carried out on the basis of experimental data from the solution enthalpies of sodium acetylsalicylic acid salt and ibuprofen salt labelled, Na-AA and Na-IB, respectively, in water (∆ sol H m ) and the molar dilution enthalpy ∆ dil H mi-mf of the concentrated solution from the initial (m i ) to final (m f ) concentrations:
Where Lф is a relative partial molar enthalpy of the solution electrolytes (Na-AA and Na-IB) at molality m. On the other hand, the Lф value can be described from Pitzer's model 13, 14 and Manin´s model 16 as:
Where I is the ionic strength, zM and zX are the charges of the cations and anions, respectively, M and X are the number of cations and anions in the electrolyte molecules (Na_AA and Na-IB), respectively and A H is the theoretical slope of enthalpy (limit of the Debye-Hückel slope) and is borrowed from Manin´s model 16 . The first term of Eq. (2) corresponds to long distance electrostatic interactions. The second term corresponds to short-distance interactions and includes the various Virial coefficients:
, β β respectively, as recommended in the literature method 10, 19 . The temperature dependencies of the Virial coefficients were interpolated by the equations presented in the next section (Tables 3 and 4) using the model described in 19 . The equations used [19] [20] [21] to describe the thermodynamic functions of the excess solution were: 
Where ф and γ are osmotic and activity coefficients, respectively; 1 L and 2 L are the partial molar enthalpies of the solvent and solute of the studied solutions; ν is the number of ions of Na-AA (= 2) and Na-IB (= 2); M 1 is the molar mass of water;
E P C is the excess heat capacity of the solution under constant pressure.
Results and Discussion
The value determined in this study for the heat of the reaction at 25 ºC with THAM(s) 18 of the equipment built and that it could be used for the thermodynamic studies proposed in this research.
The DSC curves, Figures 3a and 3b, were endothermic, as both salts can be seen. The first endothermic peak of aspirin at 453.15 K followed by the second endothermic peak at 553.15 K were due to fusion, followed by the elimination of acetic acid and accompanied by the evaporation of acetylsalicylic and salicyclic acids. Ibuprofen showed the first peak at 368.15 K and the second one at 573.15, both endothermic. Figure 3b . DSC of Ibuprofen The enthalpy for ibuprofen was 98.84 J g -1 , which agrees with the results of similar studies in the literature [18] [19] [20] [21] [22] . The enthalpy of aspirin was 134.42 J g -1 . These results show purity of the drugs. The experimental data of the solution and dilution enthalpies of Na-AA and Na-IB in water at various concentrations and temperatures are presented in Table 1 and Figure 4 . As can be seen from Figure 4 , the endothermic effect increased with increasing concentrations of both salts up to 0.02 mol kg -1 and with decreasing temperature. It should be mentioned that the function of the heat effects from the concentration is practically independent of concentrations higher than 0.03 mol kg -1 . It is interesting to note that the Na-AA and Na-IB solution enthalpies decreased with increasing temperature. It can be assumed that the solvation process of the studied ionic mixture was determined by a cavernous mechanism. As the temperature increased, the primary water structure was destroyed and became a more closely packed structure: as a consequence, an endothermic cost of creating an appropriate cavity volume in the solvent for the solute molecules arose. This same behaviour and interpretation for the salt of aspirin was reported by other authors 14, 16 . In this work, however, the endothermic effect was more marked than in other studies, which we attributed to the concentrations used in this work and the sensitivity of the calorimeter, which was higher here. In order to estimate the excess thermodynamic functions, the temperature independent q i parameters were calculated. The results are summarized in Tables 2 and 3 . Dependencies of the relative characteristics of the activity and osmotic coefficients on concentration are presented in Figure 5 . It should be noted that the outlined functions were not linear. Moreover, the function ф T -ф 293.15 = f(m) had an inversion point at 0.029 m. These results showed a linear trend between temperature and inversion intervals of around 305.15-310.15 K. This regularity testifies that the temperature factor has an essential influence on the structure of the studied solution. Moreover, as the concentration of the solution increases, the C E P function becomes more sensitive to temperature variations. This result was modified with respect to temperature and was associated with the interaction between the respective salts of the medicines used in this research project and this behaviour agrees with previous reports in the literature.
In order to analyse the behaviour of the solution in detail, the relative partial molar enthalpies for the water ( 1 L ) and both Na-AA and Na-IB ( 2 L , respectively) were 
Conclusion
In view of the results of the DSC, it can be seen that it is a desirable tool for the chemical analysis of drugs, as well as for examining the purity of drugs. The complete set of thermodynamic characteristics of Na-AA and Na-IB aqueous solutions were investigated over the whole concentration and physiologically important temperature intervals. The particular concentration of the studied solution where the osmotic coefficients were not dependent on temperature (inversion point) was established. The three concentration intervals of the solution under investigation where the hydration characteristics of the salts of the drugs investigated essentially differed from each other were defined.
